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Abstract 
This paper presents the controller design for the path following of a spherical mobile robot, BHQ-1. Firstly, a desired velocity
for the reference path is deduced from the kinematic model, which cannot be transformed into the classic chained form. Sec-
ondly, a necessary torque for the desired velocity is obtained based on the dynamic model. As to the kinematics, a 
one-dimensional function is selected to measure the two-directional tracking error, and the velocity of rolling forward is rea-
sonably assumed to be constant; therefore the multiple-input multiple-output (MIMO) system is transformed into a single-input 
single-output (SISO) system. As to the dynamics, both exact dynamics and inexact dynamics with modeling error as well as 
bounded unknown disturbance are taken into account, based on which a proportional-derivative (PD) controller and a sliding 
mode controller with adaptive parameters are proposed respectively. Finally, convergence analysis and simulation results are 
provided to validate these controllers. 
Keywords: spherical robot; path following; nonholonomic; kinematics; dynamics 
1. Introduction1
Spherical mobile robots show great promise in ex-
ploring hazardous environment because of their omni- 
directional stability and compact structure. Although 
applications of spherical mobile robots have been hin-
dered due to the complexity of their control problems, 
increasing researches of spherical robots have emerged 
in the past decades.  
As to the feedback control of a mobile robot, there 
are three basic tracking problems: path following, tra-
jectory tracking and point stabilization. With respect to 
the spherical mobile robots, there has not been an es-
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tablished method to completely solve the three prob-
lems, although many researches have been developed. 
Various spherical robots with different mechanical 
structures are presented. Spherical robots equipped 
with a gyro, arms and a small car, for instance, are 
discussed in Refs.[1]-[3] respectively. Another rolling 
mobile robot equipped with a universal steering wheel 
is introduced in Ref.[4], and the motions of uphill 
climbing and obstacle overrunning are discussed. A 
complete dynamic model for a spherical robot is estab-
lished and a simplified linear model is provided in 
Ref.[5]; furthermore, the robot’s motion planning with 
obstacle avoiding is addressed in Ref.[6]. An analytical 
model of a spherical robot driven by two remotely 
controlled motors is established and the trajectory 
planning with minimum energy and minimum time is 
realized in Ref.[7]. Path planning for a spherical robot 
is presented in Ref.[8]. A line following controller is 
developed to track any straight line in Ref.[9]. A con-
trol strategy is constructed to stabilize a spherical robot Open access under 
CC BY-NC-ND license.
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to its desired configuration based on two individual 
control actions of circles and straight lines in 
Refs.[10]-[11]. With respect to spherical robot’s path 
following problem, to the best of our knowledge, there 
has not been an effective controller to take both the 
kinematics and the inexact dynamics into account to 
follow a general path instead of only straight lines and 
circles. Therefore, the path following problem of 
spherical robots has not been fully investigated. 
The difficulty of spherical robot’s feedback control 
problems comes from its nonholonomic, under-actu- 
ated and non-chained properties[12]. Generally, while 
dealing with nonholonomic mobile robot’s path fol-
lowing problem, researchers usually first generate a 
feedback controller for the kinematics via Lyapunov 
theory and then develop another controller for the dy-
namics through back-stepping method. Such an ap-
proach has been applied to many kinds of non-
holonomic mobile robots[13-16]. Unfortunately, the sys-
tem of a spherical robot cannot be transformed into the 
classical chained form, which renders many standard 
established method and control algorithms inapplica-
ble. Therefore, it becomes a challenging topic while 
designing controllers for following a path of a spheri-
cal robot. 
This paper focuses on the path following of such a 
complex nonholonomic system. An approach consid-
ering both kinematics and dynamics is provided for a 
new spherical mobile robot, BHQ-1, which is actuated 
by two motors as briefly described in Refs.[17]-[19]. 
As to the kinematics, considering the omni-directional 
stability of the spherical robot, a desired velocity is 
obtained from the position tracking error instead of the 
whole configuration tracking error. As to the dynam-
ics, a proportional-derivative (PD) controller is pro-
posed based on the exact dynamic model. Furthermore, 
to address the uncertainties in practical dynamics, an-
other sliding mode controller with adaptive parameters 
is also provided to realize the path following of 
BHQ-1.
The whole seven sections in this paper are organized 
as follows. After this introduction, the mechanical sys-
tem and frame definition are briefly presented in Sec-
tion 2. Section 3 introduces the modeling of both 
kinematics and dynamics as well as the transformation 
of the robot system. Section 4 solves the path follow-
ing problem by proposing a PD controller. Section 5 
provides simulation results to validate the PD control-
ler. In Section 6, given the bounded unknown distur-
bance and modeling error, a sliding mode controller 
with adaptive parameters is designed to compensate 
the uncertainties, and the convergence is analyzed to 
verify the controller’s effectiveness. Finally, several 
conclusions are provided in Section 7. 
2. Preliminaries about BHQ-1 
This section briefly introduces the spherical robot, 
BHQ-1, based on which our research proceeds. 
The mechanical structure of BHQ-1 is illustrated in 
Fig.1. BHQ-1 consists of two motors, a hollow shaft, a 
mass, a camera, and a shell. The hollow shaft con-
nected with the shell through ball bearings serves as a 
frame to install other devices. The output axle of motor 
1 is fixed to the shell; the output axle of motor 2 is 
fixed to the mass by a link. The camera can be used to 
take pictures of the environments.  
Fig.1  Mechanical structure of BHQ-1.
The moving principle of the spherical robot BHQ-1 
is detailed as follows. When motor 1 rotates around 
axis Xb and motor 2 keeps static, the rotation of both 
the mass and the hollow axle around axis Xb changes 
the gravity center of the robot, and thus produces a 
gravity torque which makes the robot move forward or 
backward. When both motor 1 and motor 2 rotate, the 
mass and the hollow axle tilt and produce a gravity 
torque to make the robot veer. As a consequence, the 
spherical robot can move and veer actuated by two 
motors, as anticipated. Therefore we can control the 
motion of the robot through the two motors.  
As illustrated in Figs.2-3, OXYZ, OcXcYcZc, and  
ObXb YbZb are the reference frame, the frame fixed on 
the spherical center without rotating, and the frame 
fixed on the spherical robot, respectively, while Ob is the 
geometrical center of the robot overlapping with Oc, and 
the subscript “b” means “ball”. Euler angles \, E M are
defined as NOcYc, ZcOcZb, NOcXb respectively. 
Plane ObXbYb is fixed on the outer shell of the robot. 
Fig.2  Euler angles of BHQ-1. 
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Fig.3  Angle velocities of BHQ-1. 
As shown above, the spherical robot configuration 
can be totally described by a vector q, which is defined 
as  
T[ ]x y E M \ q           (1) 
where x and y are the position coordinates of point Ob,
and \, E M are the orientation angles of the robot 
shell. 
3. Kinematics, Dynamics and Transformation  
In this section, both kinematic and dynamic models 
are provided. 
The kinematic model is deduced as follow: 
cos sin cos
sin cos cos
( ) 1 0
0 1
0 sin
R R
R R
t
\ \ E
\ \ E E
M
E
ª º« »« » ª º« » « »« » ¬ ¼« »« »¬ ¼
 q     (2) 
where R is the radius of the spherical robot, and t the 
time variable. Although the controllability of BHQ-1 
has been proved[17], the equation is not integrable, 
which limits the feasible path of the robot.  
The dynamic model based on Euler-Lagrange for-
mulation is given by 
T( ) ( , ) ( ) ( )    M q q V q q q A q B qO W     (3) 
where MR5u5 is the symmetric positive definite iner-
tia matrix, VR5u1 the centripetal matrix, BR5u2 the 
input transformation matrix, OR2u1 the control torque 
acted on the spherical robot, WR2u1 the Lagrange mul-
tiplier of constrain forces, and AR2u5 is defined as 
1 0 cos sin cos 0
0 1 sin cos cos 0
R R
R R
\ \ E
\ \ E
 ª º « »¬ ¼A    (4) 
The nonholonomic constraint (pure rolling without 
slipping) is 
( ) 0 A q q                  (5) 
With respect to the robot’s motion without spinning, 
we have 
sin 0\ M E                   (6) 
We select a full rank matrix S(q)R5u2 which is 
formed by a set of smooth vector fields spanning on 
the null space of A(q), i.e.,  
T T( ) ( ) 0 S q A q                (7) 
It is possible to find an auxiliary vector time func-
tion Q (t)R2u1 so that for all t, it satisfies 
( ) q S q v                  (8) 
Actually, S(q) is a Jacobian matrix which transforms 
the frame v into q , and thus the original dynamics can 
be rewritten in the new frame. 
In this paper, S(q) is selected as 
cos sin cos
sin cos cos
( ) 1 0
0 1
0 sin
R R
R R
\ \ E
\ \ E
E
ª º« »« »« » « »« »« »¬ ¼
S q        (9) 
then 
sin ( cos cos sin sin )
cos ( sin cos cos sin )
( ) 0 0
0 0
0 cos
R R
R R
\ \ \ \ E E \ E
\ \ \ \ E E \ E
E E
ª º « »« »« » « »« »« »¬ ¼
 
 


S q
(10)
Through the transformation of Eq.(8), Eq.(3) multi-
plied by ST(q) can be obtained as 
T T( ) ( ) ( ) ( , )    S q M q q S q V q q q
T T T( ) ( ) ( ) ( )S q A q S q B qO W       (11) 
Considering  
( ) ( )  q S q v S q v           (12) 
we have 
T T( ) ( ) ( ) ( )( ( ) ( ) ( , ) ( ))  S q M q S q v S q M q S q V q q S q v =
T ( ) ( )S q B q W              (13) 
and the dynamic equation is transformed into 
( ) ( , ) ( )   M q v V q q v B q W        (14) 
where
T
T
T
( ) ( ) ( )
( ) ( ) ( ) ( )
( , ) ( )[ ( ) ( , ) ( , ) ( )]
­  °°  ®°  °¯   
B q S q B q
M q S q M q S q
V q q v S q M q S q q V q q S q v
(15)
Therefore we can further rewrite the whole system as 
( )
( ) ( , ) ( )
 ­®   ¯

 
q S q v
M q v V q q v B q W      (16) 
which can be more explicitly written as  
( ) ­®  ¯


q S q v
v u
             (17) 
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where Wand v are defined by 
1( ( ) ( , ) )  W B M q u V q q v       (18) 
Usually, ( ) q S q v  is considered as the kinematic 
steering system while  v u  is considered as the dy-
namic sub-system. 
4. Path Following 
This section solves the path following problem of  
BHQ-1.
As shown in Fig.4, the controller is designed in two 
consecutive steps: first kinematics stabilization and 
then dynamics feedback control. vc, Wc are the caculated 
value corresponding to v, W respectively. Kv and KW are
design parameters. 
Fig.4  Approach of path following. 
Step 1  Desired velocity from kinematics. 
Based on ( ) q S q v , we select the desired velocity 
vector which ensures the tracking error convergent to 
zero. Suppose the reference path is  
( , ) 0f x y                 (19) 
We describe the tracking error as 
p ( , )e f x y               (20) 
which leads to the following expression for pe ,
p
( , ) d ( , ) d
d d
f x y x f x y ye
x t y t
w w w w        (21) 
where the subscript “p” means “path”. 
In view of Eq.(2), we can further obtain 
p
( , ) ( cos sin cos )
( , ) ( sin cos cos )
( , ) ( , )cos sin
f x ye R R
x
f x y R R
y
f x y f x yR
x y
E \ M \ E
E \ M \ E
E \ \
w  w
w   w
§ ·w w ¨ ¸w w© ¹
 
 

( , ) ( , )sin cos cos cosf x y f x yR
x y
M \ E \ E§ ·w w¨ ¸w w© ¹

(22)
Let
p p ( , )e ke kf x y
CM
   ­°®  °¯

         (23) 
where k and C are design parameters. As a result, the 
kinematic system can be transformed into a single- 
output single-input (SISO) system. For example, when 
the reference path is a circle, that is f (x,y) = x2+y2
2
cr = 0, where rc is the motion radius, and the subscript 
“c” means “circle”, we have ep=f (x,y)=x2+ y2 2c ,r
and
p 2 ( cos sin cos )
2 ( sin cos cos )
e x R R
y R R
E \ M \ E
E \ M \ E
  
  
 
 
(2 cos 2 sin )xR yRE \ \ 
(2 sin cos 2 cos cos )C xR yR\ E \ E   (24) 
In view of Eqs.(23)-(24), we have 
( , )
2 cos 2 sin
kf x y
xR yR
E \ \  

(2 sin cos 2 cos cos )
2 cos 2 sin
CR xR yR
xR yR
\ E \ E
\ \

   (25) 
Denote the desired velocity as 
c
( , ) 2C ( sin cos )cos
2 cos 2 sin
kf x y R x y
xR yR
C
\ \ E
\ \
  ª º« » « »« »¬ ¼
v  (26) 
Step 2  Kinematics into dynamics. 
Let
1
c ( )( ( ) ( , ) )
  W B q M q u V q q v       (27) 
and modify u as 
c c( )   vu v K v v            (28) 
where KvR2u2 is a design parameter.  
The controller is designed as  
c c
1
c c c
( )
( )[ ( )( ( )) ( , ) ]
  ­°®    °¯
 
 v
K
B q M q v K v v V q q v
WW W W W
W (29)
where KWR2u2 is a design parameter.  
In the following, the spherical robot system’s con-
vergence and boundary analysis are detailed. 
p p
c c c
c c c
0 ( , ) 0
( )
( )
e ke f x y   o­°     o®°     o¯

 
 
vv v K v v v v
KWW W W W W W
       (30) 
Lyapunov function is selected as  
2 T
p c c
1 1( , ) ( ) ( )
2 2
L e x y    v v v v
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T
c c
1 ( ) ( ) 0
2
  tW W W W          (31) 
Then one can obtain that 
p p( , ) ( , )L e x y e x y  
T T
c c c c
2 T
p c c
( ) ( ) ( ) ( )
( , ) ( ) ( )ke x y
      
    
   
v
v v v v
v v K v v
W W W W
T 1
c c( ) ( ) 0
  dWW W W WK         (32) 
And further we have 
T
p p c c2 ( , ) ( , ) 2( ) ( )L ke x y e x y        vv v K v v
T 1
c c
2 2 T
p c c
2( ) ( )
2 ( , ) 2( ) ( )k e x y
   
   
 WW W W W
v v
K
v v K K v v
T 1 1
c c2( ) ( )
  W WW W W WK K          (33) 
Barbalat’s Lemma[20] Let h: RoR be a uniformly 
continuous function defined on >0, f. Suppose that 
0
lim ( )d
t
t
h G Gof ³ exists and is finite. Then we have 
lim ( ) 0.
t
h tof  
From Eq.(32), we have L d L(0), which ensures that 
ep(x, y), (v vc) and (W Wc) are all bounded. In view of 
Eq.(33), we can further conclude that L  is bounded. 
As analyzed above, we have 0 d L d L(0), L d 0 and 
L  is bounded. Based on Barbalat’s Lemma, we obtain 
that Lo0. Thus we can conclude that 
p p( , ) 0, ( , ) 0e x y e x yo o         (34) 
Therefore, the system’s convergence is guaranteed. 
5. Simulation Results 
This section provides the simulation results through 
MATLAB, to verify the efficiency of controllers pro-
posed in Section 4.  
The radius R, mass m and inertia I of the spherical 
robot are 0.1 m, 2 kg and 6.67u104 kg·m2 respec-
tively. The design parameters for the simulation are 
selected as follows: 
5 0 10 0
0.05, 1, ,
0 5 0 20
C k ª º ª º    « » « »¬ ¼ ¬ ¼vK KW
(35)
Figs.5-8 show the simulation results with the refer-
ence paths of f1(x,y), f2(x,y), f3(x,y), f4(x,y) respectively, 
which are set as follows:  
2 2
1
2
2
3
2 2
4
( , ) 16 0
( , ) 0.5 3 0
( , ) 0.5 16 0
16 0 ( 1)( , )
5 0 ( 1)
f x y x y
f x y x y
f x y x y
x y xf x y
y x
­     °     °°     ®° ­    !°°  ®°   °¯¯
   (36) 
Fig.5  Following a circle. 
Fig.6  Following a line. 
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Fig.7  Following a parabola. 
Fig.8  Following first a circle and then a line. 
The initial value of q is selected as 
T(0) [3 3 0 0 0] q        (37) 
which has been marked by the symbol “ ” in the simu-
lation results. 
From Figs.5-8, it can be concluded that when the 
dynamics is exactly known, the controller of Eq.(29) 
can address the path following problem of BHQ-1 
pretty well. Through the control algorithm, the robot 
can follow not only a straight line or a circle whose 
curvatures are constant, but also a parabola whose cur-
vature is different at every point. Furthermore, the 
path of first a circle and then a line which includes 
jump discontinuities can also be well followed as 
shown in Fig.8. 
6. Further Discussion 
The approach applied in Section 4 and Section 5 
depends on the assumption that the whole dynamics is 
exactly known, which cannot be guaranteed in practi-
cal system. Fortunately, many solutions can deal with 
this problem. Sliding mode control, for example, can 
address the uncertainties of dynamics, as described in 
this section. Moreover, the modeling error is compen-
sated through the adaptive method. 
Suppose that the robot dynamics with bounded un-
known disturbance and modeling error is as follow: 
d( ) ( , ) ( )    M q v V q q v B qW W        (38) 
where ( )M q  cannot exactly reflect the real mass and 
inertia of BHQ-1, and Wd=[Wd1 Wd2]TR2u1 is the 
bounded unknown disturbance. 
Several properties of common mechanical system 
have been stated in some earlier articles such as 
Refs.[21]-[23]. Here we repeat important ones based 
on which we design controllers to deal with the 
uncertainties. 
Property 1 There exist positive constants minm ,
maxm  and maxv  such that 
min max max|| ( ) || and || ( ) ||m m vd d dM q V q   (39) 
where || ||  is a suitable norm. 
Property 2 Matrix ( ) 2 ( , ) M q V q q  is skew-sy- 
mmetric. 
Property 3 There exists a parametric vector PRl
on kinematics and dynamics that satisfies 
 ( ) ( , ) , , ,   M q V q q q q P- U I - U     (40) 
where IRmul consists of known functions and P is an 
unknown constant parameter vector.  
(1) Controller design 
Define several variables as follows[23-24]:
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d d d
d c d d
d
T
1 2
T
r r1 r2 d
[ ]
[ ]
[ ]
[ ]
[ ] =
s s
z z
E M
E M
E M
7
7
7
­  °   °°  °®  °°  °°  ¯
 

  
z
z v
z
e z z
s = e re
z z re
         (41) 
where rR2u2 is a diagonal positive matrix, and Ed, Md
are the desired value of E, M, respectively. Then we 
have
r  s z z                 (42) 
From Property 2, we obtain that 
11 12
r r
21 22
( ) ( , )
I I
I I
ª º  « »¬ ¼
 M q z V q q z      (43) 
where P   [mR2 I ]T, m is the mass, I is the inertia of 
the spherical robot, BHQ-1, and 
11 r1 r1 r2
12 r1 r1 r2
2
21 r2 r1 r2
2
22 r2
2
r1 r2
cos
cos
cos cos cos sin
(2 2sin cos cos )
cos ( cos 2 sin cos )
z z z
z z z
z z z
z
z z
I \ E
I \ E
I E \ E E E E
I E E E
\ E E E E E E
­   °   °°   ®°    °°  ¯
  
  
  

   
(44)
Considering r d  z z re , we have 
r r( )( ) ( , )( ) ( , , , )         M q z s V q q z s q q z z PI   (45) 
and we can further obtain 
( ) ( , )   M q z V q q z
r r( , , , ) ( ) ( , )    I q q z z P M q s V q q s    (46) 
From Eq.(38), we have  
d r r( ) ( , , , ) ( , )      M q s q q z z P V q q sW W I  (47) 
Define  
ˆ P P P                 (48) 
where Pˆ  is the estimated value of P, and we have 
ˆ P P                   (49) 
The controllerW is selected as 
r r
ˆ( , , , )     Ks q q z z P nW I         (50) 
where KR2u2 is a design parameter and  
T
1 2[ sgn( ) sgn( )]s sK K n          (51) 
where Kis the disturbance’s boundary. 
The adaptive law is designed as 
T
r r
ˆ ( , , , )J      P P q q z z sI           (52) 
where J is a design parameter. 
(2) Boundary analysis of tracking error 
Lyapunov function is selected as 
T 21 1 || ||
2 2
L J  s Ms P           (53) 
and the derivative of L along the trajectories of the 
system is given by 
T T T1 1 tr( )
2
L J    
  s Ms s Ms P P
T
d r r( ( , , , ) ( , ) )     s q q z z P V q q sW W I
T T1 1 tr( )
2 J  
  s Ms P P
T T
d r r
1( ( , , , ) ) tr( )J  
   s q q z z P P PW W I    (54) 
Considering Eqs.(50)-(53), we have 
T T T T T
d
1tr( ) ( )L J       
   s Ks P s P P s nI W
T T T
d
1 1 2 2 1 d1 2 d2
T
1 1 1 d1
( )
( sgn( ) sgn( )) ( )
( sgn( ) )
s s s s s s
s s s
K K W W
K W
     
    
   
s Ks s n s Ks
s Ks
W
2 2 2 d2( sgn( ) )s s sK W            (55) 
Then we have 
T 2
m 2( ) || ||L Od  d s Ks K s          (56) 
where Om(K) is the maximum eigen value of K.
The unknown disturbance satisfies   
d|| || KdW                  (57) 
where
1 2 3|| || || ||d d dK    e e           (58) 
and 1 2 3, ,d d d  are design parameters. 
Then we obtain 0, 0L Lt d , which implies that  
0 00 ( ) ( ) ( ) ,L L t L t t td f d d  f  t    (59) 
and therefore  
2 2( ) ,t L L
f f s P            (60) 
(3) Convergence analysis of tracking error 
To show the whole tracking error convergent to 
zero, that is o 0e  as t of , we make use of Bar-
balat’s Lemma as similarly analyzed in several papers 
such as Ref.[23].  
Noting Eq.(56), we can obtain 
0 0
2
2
m
|| || d d
( )t t
Lt tO
f fd d³ ³

s
K
0 0
0
m m
( ) ( ) ( )
, 0
( ) ( )
L t L L t
t tO O
 f d  f  t t
K K
   (61) 
and thus we have s(t)  22L . Considering s  e re,
s  22 2L Lf  and r is a diagonal positive matrix, we 
have
2 2
2 2 2 2( ) , ( ) ( )t L L t L L t
f f   o 0 e e e   (62) 
Considering d d d 2 2 2, , , , ,L L L
f f f   z z z e e  we have 
the following analysis:  
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d 2 2
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2 d 2
ˆ( ) and ( , , , )
( )( ( , ) )
L L
L L
t L
L L
f f
f f
f
f  f
­     °     °®      °°      ¯
   
  
 
e z z z
e z z z
s Ks q q z z P n
z M q B V q q z
W I
W W W
(63)
Hence we can conclude that 
2 2 2,L L L
f f f    z z e          (64) 
Furthermore, we have  
2
2 2,L L
f   o 0  e e e         (65) 
Therefore ,o o0 0e e  is obtained and the con-
vergence of the tracking error has been proved. 
(4) Simulation results 
To explicitly compare the effectiveness of the PD 
controller described by Eq.(29) in Section 4 and the 
controller with sliding mode and adaptive parameters 
described by Eq.(50), we select a simple reference path 
described by f (x,y)=x2y216=0 in the following 
simulation.  
The parameters in the simulation are set as follows: 
1 2 3
1
1 0
0 1
10d d d
J  ­° ª º°   ® « »¬ ¼°°    ¯
K r           (66) 
The initial value is selected the same as in Section 5: 
(0) [3 3 0 0 0] q         (67) 
The bounded disturbance added into the simulation is 
d1 d2 5sin tW W            (68) 
Simulation results are shown in Figs.9-10. It can be 
concluded that the sliding mode controller of Eq.(50) 
can address the path following problem well in spite of  
modeling error and external disturbance, as illustrated 
in Fig.9. On the contrary, the PD controller of Eq.(29) 
in Section 4 cannot deal with such bounded uncertain-
ties, as illustrated in Fig.10. 
Fig.9  Following a circle with controller of Eq.(50). 
Fig.10  Following a circle with controller of Eq.(29). 
7. Conclusions 
This paper explores the path following problem of 
BHQ-1 by designing controllers through firstly select-
ing the desired velocity from kinematics and secondly 
transforming the velocity to real torque based on dy-
namics.
It is shown that the control algorithm presented in 
this paper can deal with not only those paths with 
changing curvatures but also the ones with jump dis-
continuities. Particularly, the control system with the 
sliding mode controller shows good robustness when 
the dynamics includes bounded uncertainties. 
Besides the path following problem, such an ap-
No.3 ZHENG Minghui et al. / Chinese Journal of Aeronautics 24(2011) 337-345 · 345 · 
proach is promising while dealing with other two basic 
control problems in mobile robots, trajectory tracking 
and point stabilization, which would be our further 
research work. 
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